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Fig. 1. Stages of cervical vertebral maturation.

0. Mz 2

1. 82 =
AEdgtn XA Hgay st =<l
GAE 4] BY FdA A7 dPow FIT
A%z 27 FEX-A FEAANMAE ARE sigTh
1983d 5€ A AR} LS} g
FagAE Aastel v 2dnith SRFRX-H 77
ARE #Zg3lg o, 19939 S97HA] BRE &Y

bk 329 ( EA} 189, A 149 )o2RE 92
1920 9] FHX-A FAAA S £ Ao o] g3t
o, tigdxte] HadEe ABAS AFA G 4
85Ml0]aL F8A] 18540l Atk

Gl o] &8 FHX-H FAARY A -2H
7t A= TFD. )& 5 feet, HAAM-HEZ A=l(
SFD. ) & ldcmellor, &2 8%°lAtt.

a3, FEX-A FEAAREGA] At 4%
= lmmTH & SH 3t £ ASE & AT ©
&3t

D HpH

O

D AFe] 245949 ¥rt
Lamparski®o] g ojxte] A=y A% &
SASEAE ©] &3t Figure 1 3 22 Cervical
vertebral maturation stage ( CVM Stage 1-6 )2 &
%‘3}3’— ol& o] &3l RE SE FEX-A FHA K
< 6PAE R



Vol. 27, No. 3, 1997. Korea. J. Orthod.

Table 1. Preevaluation test
I

N "Agree‘
S12345678910411&1t

4 10/10
10/10
10/10
8/10
8/10
8/10
10/10
10/10
9/10
9/10
10/10
10/10

[S2ENEN

2 85 © 0o a9 o 0 ow oo
e S B SURE SCRE SU R S S 5 B S BN
D s U1 W W B = D O U1
S Ul T W W s — B U1 U1 W
G e U1 W W i D D U1 O
= S BN SC RN IO U O R RN S [ BTN
G U1 W W A = N U1 Gl
N B U1 W W A e = U1

4
5
5
2
1
3
3
3
5
4
6
5

[S2 1) NN G &) BN G RNV R =N \C B O
g Ul W W w = N OOl

[,
\)

5 5 5 5

. Number of sample
N : Enforcement number

a

w

HEB AN 5B 9

10/10
10/10
10/10
9/10
7/10
10/10
10/10
910
10/10
7/10
10/10
10/10

1
2
3
4
5
6
7
8
9

—
<O

—_
—
32 I S, B SCRE JURN SR SN SRR R ) B ) B )

Gl B O W W W s = = O 01 Al
1o N e N SC R G JCRN S \C B &) B & B &)
Gl W Y W W W A = DD Ul 01
1S B S BN SC S JC RN O S S SV UG BN &7 B o)
Gl s 01 W W W M = Do Ul o1 A
I N T RN SCRN SO U O - S &1 < ) W&
1S B = NI JCRNTCRN U \C R (RN S N &1 B
Gl s O W W W A = N Ul a1 A
Gl s O W W W s = DD U1 o1

—
oo

Agreement : Number of agreement/ Total number of enforcement

I:112/120 x 100 = 93.3%
11 : 111/120 x 100 = 92.5%

S1(Stage 1); All inferior borders of the bodies are
flat. The superior borders are strongly tapered
from posterior to anterior.

S2(Stage 2); A concavity has developed in the
inferior border of the 2nd vertebra. The anterior
vertical heights of the bodies have increased.

S3(Stage 3); A concavity has developed in the
inferior border of the 3rd vertebra.The other
inferior borders are still flat.

S4(Stage 4); All bodies are now rectangular in
shape. The concavity of the 3rd vertebra has
mcreased, and a distinct concavity has developed
on the 4th vertebra. Concavities on 5 and 6 are
just beginning to form.

S5(Stage 5); The bodies have become nearly square
in shape, and the spaces between the bodies are
visible smaller. Concavities are well defined on

- all 6 bodies.

S6(Stage 6); All bodies have increased in vertical
height and are higher than they are wide. All

concavities have deepened.

all (

85A1el A 185M7HA] & 6 o )e2HH 2|y 7t
gz Aed F 1209 FREAMTAARS
Apols Fa WHEHIstY F 1089 Bkt oAE
o] 10%c1d w EAAR H7ME APt 2 ofal
s 74Ap 2¢lo] Zbz} 93.3%, 925%9] L 295 I
1tk ( Table 1 ).
- Intraoperative and Interoperative evaluation

0% F A BAAQ AFARS] Bk A
gatgd B7h A, B), 15783l ARITE Aot
Ao A7 AT B )E |83, Intraoperative
evaluation test I ( A-A" ) & I ( B-B" ), 281,
Interoperative evaluation test I ( A-B), I ( A-B" ),
m(A -B) IV(A -B )& A, & d3zte
4 #A G 2D Kendall’ s Tau B k& 7824 H7t
o] Ax ATz MH& HF3HUTH ( Table 2 ).

()
|
S~
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N3], ged, g3

Table 2. The result of intraoperative and inter-
operative evaluation test

A-A" 169/192( 88.02 ) .98« 90l *

B-B’ 174/192( 90.63 ) 985 % 956 *
A-B 169/192( 88.02 ) .98l + .95l *
A-B" 182/192( 95.05 ) 992 % O78 *
A" -B  162/192( 8437 ) L9716 %933 *
A" -B" 173/192( 90.10 ) 984 % 980 %

A-A’ : Intraoperative evaluation test I

B-B’ : Intraoperative evaluation test I

A-B : Interoperative evaluation test I

A-B’ : Interoperative evaluation test I

A’ -B : Interoperative evaluation test I

A’ -B’ : Interoperative evaluation test IV
Agreement ( % ) :

(Number of agreement/Total number of sample) x 100
r : Correlation coefficient

K-Tb : Kendall’ s Tau B

x ! Statistically significant at the level of P< 0.05

2) 3otE A

FAEE BHUZE Ao, A 388 e
Aotd FYUel & FdA AEE FH7HEA
Egol s, 59 o] XA ¥ A4
© 459 FYHE Y AHE FARE
digitizer ( SUMMAGRAPHICS II, Summagraphics
Co., US.A. )& ©] &3l IBM 287]|F9] AFE
dHE3A T, BAZRZIRE o] 83t 0.0lmm7tA]
AZsh atetael dojg veille 4l ASd
< A3t

7t AEH

+S ( Sella ) : The center of sella turcica.

- Ar ( Articulare ) : The point of intersection of the
mferior cranial base surface and the posterior
surface of the mandibular condyle.

- Go ( Gonion ) : The point on the jaw angle which
is the most inferiorly, posteriorly, and out
wardly direction.

+ Gn ( Gnathion ) : A bony point by bisecting line
of angle which formed by Pog and Me on the

484
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Fig. 2. Linear measurement on mandibular leng-
ths used in this study.

contour of chin.

- Me ( menton ) : The most inferior point on the
symphyseal outline.

Y ASYE

- S-Gn : Sella turcica to Gnathion

- Ar-Gn ' Articulare to Gnathion

+ Ar-Go : Articulare to Gonion (Anatomical point)

- Go-Me : Gonion to Menton

AL B, 0% 2 EXE ] HE S}

t}.

@ Zr A% T BFF DAY Aol AFE]
$]3ld one-way ANOVA ¢} Duncan ~ s multi-
ple range testE A3 5k9] 3, Fizte] zpol &
F517] At t-testE A8

@ 4 AFZ A&IA ddste AT gtE &
A ASA Y dyd FEx] 2 FFHAE
7=

® 7 B3E A59AT 4%, stk 2 AR AS
219 ztol & HF38t7] st} one-way ANOVA
¢} Duncan ~ s multiple range test® A3 3% 1,
U7t Aol & AF87] st t-testE Ald
st ch

L=
(o]
D 2 ATl AT AT A& WA,
FEUA
%
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Table 3. Mean & Median values of cervical vertebral stage at each age

CVM stage Range - Significant
Sex e . Median . difference between
Mean SD Min  Max ’ v . male and fenale
M 16 0.7 1.0 3.0 1.0
85 F 19 0.7 1.0 3.0 2.0 NS
105 M 2.2 09 1.0 4.0 2.0 "
F 30 11 10 4.0 30
M 33 0.8 2.0 4.0 3.0
125 F 38 16 1.0 6.0 4.0 NS
145 M 46 0.7 40 6.0 45 N
F 5.2 08 4.0 6.0 5.0
M 57 05 50 6.0 6.0
165 F 55 07 40 60 60 NS
M 59 0.3 50 6.0 6.0
185 F 58 04 50 60 60 NS
* ! Statistically significant at the level of P < 0.05.
NS : Not significant
CVM stage : Cervical vertebral maturation stage
Table 4. Cervical vertebral maturation stage differences between age group
{Male) {Female)
Age 85 106 125 145 165 185 Age 85 105 125 145 165 185
85 85
105 * 105 *
125 * * 125 * *
145 * * * 145 * * *
165 * * * 165 * * * *
185 * * * 185 * * * *

* © Statistically significant at the level of P< 0.05

ma A
FHadgag d2F o
-7 AT AFE ASYAY FiA], 2FHA,
Aot F213E FUE R Table 3 o AASITH
oMM 14574 & At o2 =AU JH T
o] Azt AFE AE5THAZE w3, 10549

14574 BA A o2 {93 F1i7E 2o] 7}t
AT ( P < 005 )( Table 3 ).

- @gA 165401 %, oJ&} 14540 ol BA A o
2 F3 AFF AE5YAY zolst A HA| ¢

stk (P > 0.05 )( Table 4 ).

T AedAd Yy AAdE Hi
®FH }2 Tab1e5 o} AA} 8k Tk %‘% A&
1S4AE A2 EE SAloA ARt FL

foroh ol uE

el =gt °
yebk ot gzt o %’Z}OH L 54
Aog QAHA itk (P > 0.05 )( Table 5

- dAe A e 29 39A Ate], aE]3 o &} 1-‘5

32 @A 2 29 3 HAAOI E AR BE

A B

Eﬂo] =2
1

0{1

i - =

ik
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1

5

6

VM Stage .

Sex_

M

F 104
M 105
F 9.7
M 114
F 103
M 137
F 127
M 16.2
F 153
M 176
F 172

9.3

11
19

16
14

1.6
14

1.3
2.0

1.7
2.0

1.2
1.7

X AX 274 35, 19974

12 NS
" NS
1 NS
-
o NS
o NS

NS : Statistically not significant at the level of P > 0.05

Table 6. Age differences between Cervical vertebral maturation stage

<Male>

> (@] [N w [N
*

: 3 :
* *
* ES *
* ES *

L oy My

ok X
H X o

¥ 10 (T

ol
Ll
18

© Y
Jﬁﬂ&l‘iﬂ_ﬁ,_‘.’.‘iri.&-ﬁt‘% XS o
Ol
o,
48
do iy
1o
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*3%% 1% ”L%«l stotE 2 AR A
FFH2E Table 7 o) AA8HA )
U AFE AGDAA A% 2
R AL A vgte & FE
£3] 584 9ME Go-MeS A3 &
ASTE F Aol A= 4l
AZGEAAN Fiztel BA T
o]7} AFHAT (P < 0.05 X

<Famale>

. H—Lq,] AR A=

1

2

3

4 x % x

5 * * * *

6 * % % * %
Table 7 ).

- ERlME Ar-Gn] 3-49AIL, Ar-Godl 4-5¢

AZE, AR E S-Gnst Ar-Gnel 3-4TA 1
A BEAGHcR fog Ao dojwth (P <
0.05 )( Table 8 ).

N AET A&TA 3-4vAe] B
gHoz Folat Aol dojwrt (P < 0.05 )
Table 9 ).

3}9}:" ‘31 FASX 9 Ho AZHsgy A
=z A4 M’«] BAE Flgure 3, 4914 A A18H3
=3
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Table 7. Mean values of mandibular length and body height at each cervical vertebral maturation stage

_ Height - SGn . AcGa Ar-Go  GoMe
SeX Mean SD  Mean  SD Mean SD  Mean  SD Mean  SD
) M 13147 792 11818 1755 W6 429 4146 263 6576 449
F 12968 678 11313 471 9R61 485 4070 353 6530 387
. M 13642 778 1706 671 99.40 491 0% 38 6620 386
F 13258 825 11336 423 9761 389 4067 401 6482 266
3 M 14351 1245 11928 801 10188 607 4249 341 6783 535
F 13713 839 1135 560 9RB17 534 3083 333 6672 507
A M 156731 079 127175 721 10885 546 14584 430 7207 412
F 1509 401 12206 50 10619 544 M9 532 7080 453
5 M 16908« 588 13492+ 598 11522+ 431 5085+ 307 B84 334
F 15809 391 12559 423 10920 902 642 396 7316 356
6 M 17082¢ 7.33 13854% 550 11915+ 457 5358+ 4.20 7877« 310
F 16164 407 12902 465 11283 552 AR47 437 U442 386

* o Statistically significant at the level of the P < 0.0b

Table 8. Mandibular length differences between Cervical vertebral maturation stage

S~Gn <Male> S-Gn <Female>
_ Stage L 7 3. 4 5 6. Stage 1 2 3 4 5 6
1 1
2 2
3 3
4 * * 4 * * *
5 % % 5 * * *
6 * * * 6 * * * %
Ar-Go <Male> Ar-Go <Female>
Stage 1 2 3 4 5 6 Stage I 2 3 i - 6
1 1
2 2
3 3
4 * % * 4 * %
5 * * * * 5 * * *
6 * * * * 6 * * * *
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Ar-Go <Female>

1
2
3
4
5
6

Male>

l

_GQ—Me < »<Female>

1 1

2 2

3 3

4 * * 4 *

5 * * * 5 * * *
6 * * * * 6 * * %

* | Statistically significant at the level of P < 0.05

Table 9. Height differences beiween Cervical vertebral maturation stage

Height <Male>

Height <Female>

1 1

2 2

3 * 3

4 * * * 4 * * *

5 * * * 5 * * *

6 * * * * 6 * * * *

* | Statistically significant at the level of P < 0.05
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B 14
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‘g % =e—pale
% & ~o—female
)
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g, e

1 2 3 4 5 1
CVM Stage

Fig. 4. Average curves for body height changes
with cervical vertebral maturation stages.

dZals AL BAH 2o Fud MEYAny
Aol At A 2o BEAT. gL Agse s
o H%Eg Bre] dsiel Al yse
7,12,14,17,21,30,36)’ /\é;gl }\g __/;_ El,16,35)y /1\_]_ i:ﬂ;_(_}l Ag 4\1_ 55,9,10,15,22,

ARG we A EEI} A4 YTe] B
c

P, F9NE 0§38 2o Wole U v

A
FRX-A FANLE o188 & Utk 3ol

Bell S2H7] Asto] AW Aoz, 2] FY
tEol theto] WAooz FUG HrHARE

(Table 1). z8]lx, 192uje] AFAEE 7+ HrtA7)
15749 7oz wtEgrls) 2 A3 A F7AE 16
v, B H7kake 17400A 593 2945 dglon,
AB B7Azte] o]AL 109l BAE 237
UebstA e, 2 g3rizke] 4 #A4: 2 Kendall “ s
Tau B @t ul-$¢ Eol #7te] dAAo] EAstH o
2 folg Ao 7 Vet ( Table 2 ). 28)Y B}

Table 10. Mean age of each cervical vertebral

stage
VM Agellee & Yang)  Age(Bae)
stage Mean SD Mean SD
, M 125 11 93 11
F 104 11 104 19
, M 118 08 105 16
F 11 09 97 14
s M 130 08 114 16
F 12 08 103 14
, M 133 10 137 13
F 122 14 127 20
‘5 M 144 06 162 17
F 133 13 153 20
e M 155 17 176 12
F 147 16 172 17
AHAQ Hrke] A& Els] fsire 2o
o] H AL Zq ATt 42 AR A4
€}
a8, Al 3 AFEY el EdsA| @€ T
M A 2 AFE 54 a9 AL AFE 7 U=
Eel BRIk 1, 2 ©ATke 7o) FdEsien,
7 BFEe] FA-CE VELR TEH s 5
i

A ol g 7HeA S 2A ¥t Lamparski®ol o
3 AWk or AFgd AVE
Z Holn AFE %

AEGA 1, 2, 39 FHdFe] o od Aoz Je
wed, ol %0 XA APH e AgolA 24
&o| AgHAY W AlgdMrc EH e
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]
iy
fo
I
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=
et

WP T} o B0 Krogman®, Fishman'® $9)
Baot dAdte e wUE Aoz ARdEn (
Table 10 ).

Hagg® Taranger'®e= 247} 29189 H#7 249,
ARl weEt e 6dF = A7) 34789 AR,
Hd A7, FL717F e BEuE 9 b e
o), & d7ME 1DAE A3 RE AFE Hs
AN A|Y o)zt o]F A o2 e o]F9)
Huel dAste e Byey, Jzte §93
BAEA Aole gle AR UEEE, dAxtEE
oM FLF AFFE A5AAE HEhle HAEHE
I AR Aol Zo] A FFEAT} ZolAA A
A A Aow AZhETt (Table 5).

AEE DAY stoE A3 AAE ¢4 A
3t} O Reilly$} Yaniello®®E 3tet& Zo] ( Mandi-
bular length, Ar-Pog )& 1-2, 2-3, 3-49A| 7o)}, 3}
o}Al 8 Aol ( Corpus length, Go-Pog )+ 1-2, 2-3%
AZrel}, 28] a1, 3ketkA] Aol ( Ramus height, Ar-Go
) & 1-29A13] BATA o2 foldt o] dof
Wotn Hog bl gl Fue] A Ve A3E 4
Azl BtekE ASA Y FAHSE frold A
TS LA & Aty s e, B dFiM e @
A+9] Ar-Gno}  3-49A17h, Ar-Go®) 4-59A17Y, 1
231, &9 S-Gnot Ar-Gne 3-4GA AT &
AROZ Fog Aol dojd Ao 2 YeRt
g O Reilly®t Yaniello™& 812 717t thadA
o dutr oz stehE ASA Y FHu Aol
o 1, 2, 3RAIZE Jehg e, g Fol T 4,
A Jelgta e, £ dvddge o
Rk F, AFE S 37 4gA Aol oA o
9] gtetx ASA 9 HddFel oW, Ao
Aol AFE AadA 39A7F dEs ey, o
o2 J2e] Ar-God] HWRAL AFE HA&59A
o} 55A Ate] 2 JEMTh ( Figure 3 ).
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o
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kil )

3 =BY-A FAAD 1920 E o) &, A
59 1etE ¥ A ARte] AEAdE
o

o0& 2 288 2

1. AFF ASEE ol&3ty FH L Hrlste ¥
& A2 e HrpRztel BA A 02 fol 7
o] dxE A%E 4 F Je A#AH) 1
Fegrgk Wiyolrh

2. 8541914 145-17Hx] BL & AF TN A7t
Gt 28 AFF JsIAE HeEpg oA,
olF EAA foAol dFHE A% 1054
1454019tk (P < 0.05).

3 FUY FRT A5 Eede YEARL
Autr o 2 A7t YRR} o] & volE KA
o BAA oL AFHA G (P> 005

).

4. 3t EF ASA e gAA Ar-Gne| 3-4¢A7HH
Ar-Go®) 4-59A17, az):, AN S-Gnst
Ar-Gn®| 3-49tA| 7kl 242 BAGA R {28
7o) ot (P < 0.05).

5. g9 AAASAE AFZ A59A 3-42AL
o EAGA R §og o] dojgt}t (P <
0.05 ).

6. YHtA o2 AFF J&IA 3-4TA Aol A
ob o Aol HuUAgo] Lol

7 ARE A% e 930 498 U

go| 9o} A% A4EE solE A A3
AER e Ao F5T Ao A2HTh

N

1. A9z sl 447 2ddae dotg dgwste ws

Rol Az aA da T A AR 1992:22
(3):603-615.

2. 48, EFANE7 5ol A% R AFH FAHGER AL
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- ABSTRACT -

Maturation of cervical vertebrae and Mandibular growth changes

*Jin-Hee Bae, D.D.S., M.S.D.. **Hyo-Sang Pank, D.D.S., M.S.D. Ph.D.,
*Jae-Hyun Sung, D.D.S., M.S.D. Ph.D.,

*Dept. of orthodontics Dental school, Kyung Pook National University
=*Dept. of Dentistry, Medical School, Keimyung University

In order to investigate the possibility of using a cervical vertebral maturation indicator as a mandibular growth indicator, the
relationship of cervical vertebral maturation and mandibular & body height growth changes was assessed in biennial serial
lateral cephalometric raadiographs of eighteen korean male and fourteen korean female while they were 85 to 185 years old.

The following results were obtained.

1. It was a reliable method to evaluate skeletal maturation by using cervical vertebrae.

2. In general, cervical vertebral maturation stages of females were higher than those of males at the same age and there were
significant differences in statistics at the age of 105, 145,

3. The age of a female at the same cervical vertebral maturation stage were earlier than that of a male.

4. In the case of males, significant Ar-Gn increases were found between stage 3 and 45 Ar-Go increases between stage 4
and 5.

5. In the case of females, significant S-Gn and Ar-Gn increases were found between stage 3 and 4.

6. Significant hody height increases were found between stage 3 and 4 in both sexes.

7. The peak velocity of hody height and mandibular length was observed between cervical vertebral maturation stage 3 and
4 in both sexes.

8. The relationship between mandibular & body height changes and specific maturation stage of cervical vertebra was found,
therfore using a cervical vertebral maturation indicator as mandibular growth indicator is quite within realms of possibility.
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